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W E: BN R B X IR R 5 K AR o 2 AL IR ( Vibrio
cholerae) 175 71 WA R 25 LA R E & B IR, WEURMEE
ALK AT U R ST SR AL B S . P A SR & B R DB ARG
WY 84 PREELINE 73 BS E BRI B ) LA B & 25 ni (ICEs ) #H3%
FF R A E G K5 3238 Z pn B 55 B (CLSI) #5 #E Kirby-Bauer
IR PR L KB/ MITE R E RN E T ZRAERNIIERNES
JRUE ;32 FARK P BE S HE Uk ( PFGE ) B AR X & 43 Z i W AR AT T
SFAE, RERN RRERINE AR A TEORE SR E
& ctxAB DL KB RHKEH sto tcpA ace zot; FHE B RRRIFAEE
HEH xR, H o 19. 05% WHRiE &8 RTX RIRFRER roxd ; 1
# SXT-R391 Fjik ICEs {3 5F I GER I A A 2 2 A (int \tral \traC .,
setR anR) o SZIREEELINEH P AR XS /S K F P R T 25727
BEES HPXNEFARNTEARERR 13. 10% , KREZK K
FER(2.38% ) ; FIEF HER ATAR FHRER ERERN
PATHZGERR 25.00% ~1.19% ;X HHF R AER . FEKTE
e 2 BB EUR. 1AM, 30% K ZIREELIME AR EL R
B EBREYUE, MR 4R B R UEUR PFGE 43 T4l
A 4324 5 # NotI-PFGE %4 13 FpILES, AHUMEE N 56% ~100% , 7%
BRI ik — BRI BUR B AL LR IR B E T &0t

MARR: AT HKRNEEH
SRR IE K R 2 AL IR 7 B A
W TEN MARES B
W5, KA Z AR T EBUR
W R EE cxndB J HAth 2 Fh
B R AHREH ; # SXT-R391 X
% ICEs (R<FDIRERLER B 70 A4 K B
B ;XS K26 HRo i R B 254
FEREZS WA TR 2
ERmA13.10% , HIRRIRKE
2 (2.38% ) ;30% 3% B A bR X &
SRE HEAREDN,FRA
HEHBEEEE, AHRSER
S EoF P AL IR R TR
TIE TR EE T 5l
KEW: mEEX IR EELINE;
YR B RYUE; TR
RESES: S917.1
kRS : A

EHLINE (Vibrio cholerae) R J& T v H
2% ( Gammaproteobacteria ) , 3 & J& ( Vibrio) , | 2
FAAE T YL 7K DA B f F 0 D0 28 46 K 7=
it R ABOR PR ELINE TS e A K 8K S
5B K ERTS , £ 2 BB LRI
BRWAT? o BAELINE cwAB F[R 45 A&
mHERRRERFE NN EEREY  ZEREL
FHEEE ToxR, [ERE cdB FER LT LB
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[ I PR 23 B i ik , K 2 B AL A R B R A
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1.1 FEMSFERIRA

FEAUASA PCR {X(Eppendorf 6325, 78 ) |
R R URESL AL (Eppendorf 5424, 78[E ) |k mhi7
B HL Kk {1 ( BioRad CHEF Mapper XA System, 3&
E) B R 1% R %t (BioRad Molecular Imager®
Gel Doc™ XR + System, 3 [H) . MR 525k
¥ ( multi-mode microplate reader BioTek Synergy™™
2,BioTek, £ H ), T (0.8 um.0.22 pm L
#%,47 mm H &, Millipore, % /K 2 ), 35t fig B
(Seakem Gold Agarose, 3 [F ) , MiniBEST 41 5 3t
K 4H DNA $2BGR 7 & . Premix Ex Taqg DNA &
B E S K Notl FRHITERZER N UIRG W B K&
FAEYTEARAF . RABRIIEEIRE R
PR A MK R B IR B EAR TAER
RAHE .
1.2 EIMEHNSBEEERE

2012 4 6 2 11 HR&E Ll FAR L FREE
YEALRE 36 B X MR IR K FR B WM R B K 1A, 2%
MOMTAZ %975 31" 8 Sk e A T o AR
E B K b fEE EL 12 WA v B b 3 R )
(GB15984—1995) , 2 7% 36 [ & /i 24 it 4 B I A
W B 4 W F M (the Standard of the
Bacteriological Analytical Manual ( BAM) of U. S.
Food and Drug Administration, 8th Edition,
Revision A, 1998) 738 M E B ALIN A, PhHAl
L) Y BT VR, SR 3R & B8 5% S DL ( polymerase
chain reaction, PCR) 37 R ¥~ 14 2 &L B 45 T2 4
AR F LA lolB" " UK 16S rRNA R . L%
HRRG1Y& A DNA 7500 E B Eiga4 TAY)
TR RA R 5E Mo
1.3 FARESESTHHEXERNEN

R FBRIE 2R 9 K B S0 ik 1 SR R AL IR, )
FH MiniBEST 4H g £E K 41 DNA 42 B0 & 42 5oy
BIRARIEER 4 DNA, @ik PCR £ AR & FL
INTE B R EE R (cxAB) AR E B R FEH (st0) |
RTX ZIGAMI A R I (rxd) TR E B
B (1cpA) INFEREEFE R FE I (200) HHBVEFEL
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FBRER (ace) UEHBRRBAEEARERF
(t0xR) . K i () SXT-R391 FK &% & & ol
(Integrative conjugative elements, ICEs) £} I &
BRI FAGEE SRR () BEE
AN A (anR) B FHBMAREE R (tral |
raC) BEEAAEERERE (setR) , PCR ¥
R BI4AF5% SONG 4y 73" ,PCR KI5 14
AR ARRL 8 38 =YK BE LR 1,
1.4 HERGVWHBRERESERES T

R 36 B IG PR 5 52 3 22 AR HEBIF 53 BT ( clinical
and laboratory standards institute , CLSI,2010 iz ) #5
HELE 8% (kirby bauer disc diffusion test) , il
EEFLINET R RBURE. SRR KA UK
Muller-Hinton Broth %33 B 2% E 0XOID 2
AL PG HER (10 ug) F AR THEIE (S
pe) FIFEF (S pe) ERPUA(L0 pg) JKRER
(10 pg) AEHE R (30 pg) JUFFZE (30 ug) EF
BB (25 pg) RABE R (30 pg) HUMER
(100 pg) o FiFE T #E KB #F B ( Escherichia coli)
ATCC25922 #1 4 4% 1R B2 Mo B ( Pseudomonas
aeruginosa) ATCC2785 W B i T VA YR
it o R F3 CLSI B AT & 7 B 15 ( Broth Micro
Dilution Test) X} 3% 1 /i M # 17 H & JB AL &
158 AR EAH VAR AR E AL
Atk & /D W B ¥ EF ( minimal inhibitory
concentration , MIC) F{JI 5E o
1.5 Bkimig e BB ik 5 4 & B i o 4T

%% COOPER &[5 ¥ dEAT B BLINEE 4
BRI V& BT ELHEAE o 1 T A 4 M R DA R R TR A
DNA ) NotT B\ FAE R FIK o Bk ih3ZBE I F Ik
SHBCEINT Bk e 5 M B 120°, K 6 V, I
BE 14 C; Bk rpifE] 2 ~ 10 s, B Yk 13 hy 2R )5 ko
B [E] 20 ~25 s, B9k 6 h, HLIKER)E , R
Z. %% (Ethidium bromide ,EB) 5 (0.5 pg/mL) %%
EIUEME BRI 20 min, BEBE AR R S8 BB R A7
K 1%, iz Fi NTSYSpc version 2. 10e, Applied
Biostatistics 3% 14, % F§ UPGMA J5 ¥ ( unweighted
pair group method with arithmetic mean algorithm )

Xt PFGE &5 T R 74T o
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Tab.1 Sequences of the oligonucleotide primers used in this study

519 FFEI(5'—3") YA ¥R =4 B/ bp E =D
tral-F GCAAGTCCTGATCCGCTATC
tral 697 [13]
tral-R CCAGGGCATCTCATATGCGT
traC-F TTGACGCTGTTTTCACCAACG
traC 657 [13]
traC-R GGCACGACCTTTTTTCTCCC
setR-F ACGGCGGAGATGTTTTTGT
setR 888 [13]
setR-R GTGCGCCAATGCTCAGTT
attR-F GGTTTAGCCACAGTTGTTC
attR 313 [14]
attR-R CGTCAGGGTGCGAGAT
Brln-F CGTAACCTCGGAAAGTGTGTAC
int 639 or2 642 [15]
Brin-R TGTGCCACAGCTTGTTTCGTG
ctxAB-F TGA AAT AAA GCA GTC AGG TG
ctxAB 777 [16]
cxAB-R  GGT ATTCTGCAC ACA AAT CAG
toxR-F CCTTCGATCCCCTAAGCAATAC
toxR 779 [17]
toxR-R AGGGTTAGCAACGATGCGTAAG
sto-F TATTATTTTCTTCAATCGCATTTAGC
sto 206 [18]
sto-R ATTTAAACATCCAAAGCAAGCTGG
rxA-F GGGATACAATGCCCTCTGGCA
rixA 977 [18]
rxA-R TGGGTTGGCGGTTGGATTTTAC
tepA-F ATGCAATTATTAAAACAGCTTTTTAAG
tepA 675 [18]
tepA-R TTAGCTGTTACCAAATGCAACAG
20t-F TCGCTTAACGATGGCGCGTTTT
zo0t 947 [17]
2ot-R AACCCCGTTTCACTTCTACCCA
ace-F TAAGGATGTGCTTATGATGGACACCC T16 18]
ace-R CGTGATGAATAAAGATACTCATAGG ace
VHMF TGGGAGCAGCGTCCATTGTG
lolB 519 [11]
VHA-AS5S  CAATCACACCAAGTCACTC
5y gk MHREH (ral traC) BEAESHEEAER
5

2.1 EIMESBEE®RSNEXERNSS T

AR 3C T 36 0 R 57 5E Tt 3 K PR R
BV T BA REGLINE, X & A E LR R
Stk lolB FEIN, 3 Ho A ine 2 PRIAS I g PR FF) 84
WABEREST T — P EE. BELINEF
HRFER ISR BN, Z B SLINE A B
BUREERLIG RN (axdB) s HAVREHFRE
M (sto) FERILPFE BEEM (1pd) HHBNERLG
FREM (ace) NFEREE RN (z00) BIGHE
WAk, AR, Z AR &8 5 R R KA
EAZEM (t0aR) , H A 19. 05% ) B R iE & H
RTX FKIRFREN (n2d, [ 1)
22 EIMESBEEHREGERATHEXER
RIS

ABRFEXS ine F PRSI O FH P Y 84 BREE AL
IR BARBEAT T OR <7 Zh RERL AR SE 0 2 R Y
i, R B, A A MR (aR) EEFHB

(setR) e H #4351 97.62% (1. 19% 50.00%
F185.71% (& 1) , 7R Z B[R] B 455 77 B A5 6 0 2
P R, R 2R AR BT ) ICEs JTAF AT REAS
HABERZEHBIEE.

]

0
int attR setR tral traCctxABtoxRrtxA ace zot sto tcpA

B1 EIIMESEEKRE K SXT/R391
HKik ICEs THHEXER
Fig.1 PCR test for virulence and SXT/R391
family ICEs-related genes in the V. cholerae isolates

FERKYH R /%

2.3 EINMESBEHNAYERERESR
7R
PE—2P %t 84 AR ALINE 70 B B vk 20 5 AT
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TAREFHUER K259 SRR AR, 25— 40
B 2(a) s o 32 is e Moo A I 245 9 (9 i 25 A7
FER A =5, Hod &N T AR BT 25 R &l
13.10% , R R IK K& XK (2. 38% ) ; M 48 -F
BR AN, %%BE?&XEE?E‘JEP it 2%
HAM 5K 25. 00% . 20. 24% 7. 14% 2. 38% |

1.19% ;U R RER FH AWM T HEIE . Z 78

30 [
25 | = = btk
20

15 ¢

PUERDUER/%

O HMgu

B R

AWFFEIE XS TR o3 2w R AT T E AR
R T, 55 R Bon R E’Jiﬁﬁh P,
30% 4355 H B 36 X MR % 58 K 44 f 28 L 9 B
R R VR OUBURR, U E SR (=15.5
mmol/L) \5£(=49.2 mmol/L) BA & EHiik (&
2b),

HERHUEE/%
3

10 |
5}
0 |_|

¥ KK AT 8 R &Xﬂ
HR BR

| 57

(a)
B2

& BmOB W ok W B/ W %
(b)

R HR R WE Ve e &R

EILMESBEERNNERREERH RN

Fig.2 Susceptibility of the V. cholerae isolates to antimicrobial agents (a) and heavy metals (b)

2.4 EFMEIEEH#RNSFHE
AW5E iz F PFGE $ A X E BLINE 7 17 (it

HREBEEBIEZRERET T 408, kA

UPGMA J7 5% 3k 453 /) NotI-PFGE i #k 47 T %

RO, GERANE 3 FR . iRk 25 WRERLINE 7
BRRA 20 5 28, 3t 13 ST AL, AR R E D
56% ~100% o

iﬂnw ﬂ x

— i WW

i W

0.56 0.54 0.71 0.78

3 EILMEARS & B E kAT Notl-PFGE EER K S
Fig.3 Cluster analysis of NotI-PFGE patterns of some V. cholerae isolates

3 e
B RN, AR TFI6 RS 5 E ik, KEZ5
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IR, roxR FEH LA R AHFGR & B rixd B
HEEGLINEARE P AENEDERE L, K&
HXEAINET NERAIIERERTHE -8
5

ICEs JTUIF R — KB B A 218 F WYk
EIEREAT A FRBY Y, T 2R 40 B IR B A R 8
eI B shon i . B TR ICEs STk
KEFFE S, 7540 5 5 4 1k DL K P35 38 M
e & &+ o0 EE R AT, 1992 4
WALDOR %55 R NEUR HEEELINE 0139 1 5 7Y
EtkP&ZBL T SXT/R391 K& ICEs, #4714
RN/ T R R B R IR SRR
Pk E Y, SXT/R391 K% ICEs Tl &4 3
MESFINRERL SR, RIS B AV B EY
RHAEMRIERE D, AL RZRERLIN
B4 B B AR SXT-R391 F K ICEs {#5F T fE
FEREB AR I A (int tral . traC . setR . attR) , N
H—25 50 ICEs Joi st 2R A BB BLIRK
B S R e s Ty =

KT B-NBEIES , BT REME R AR
P XA LM, SRR R B E
BLINER I PR PR B /K A& g 72 40 85 T Bk vt
PR KA BR FIER HERENER TR
EA R R E 525 =, 6, SONG
IR TAVIANT 2290 20 53 40 3 B KL A%
M 55 L 38 ( Mozambique ) 3358 7K /& i #5717 ICEs
M EELINE 2 D RURYES AT T 047, R BLR 28
BRI E TP R R, EETEA
PUHERE R B 2 8O AT BE R 25 W B Tk R
TKAIE 24 R B R sk P . R £
SRS (AR ) BB IE
AR ENEZSREEY  BHEETEN
PURET, AR, K = R A EE B oK
BHOREN B S EER AT

&4k, B RS T EELINE 2 5wk
F4 R PO A R E A P SONG 2
HIREIE B KILAM O KR #74 ICEs 1
EGLINE ( >80% )X E4EK( =1 mmol/L) 58
(=10 mmol/L) B & EHiLIE, HY 50% MEEL
IR XT4 (=10 mmol/L) BB Hi Mk, XRA BB S
KILAW ORI B, A BN ELE
HYAR . SRICAM KK B ELINE
BB ], A5 52 02 AL IR X 5R 4% 4 L 4

OO (U B RS R A R EYUE, B
)R R A R — 2P BRI

HATAHB PCR #5773 B AR B ADIE
BehE 1A 43 74 (ribotyping, RT) \PFGE . DNA il J¥ 43
R Je Je €5 4k DNA B 74 N VI 53 BT (restriction
enzyme analysis, REA) 284 AR P . Hp PFGE 1)
HHE BRG0P R TR O 40 Bl 20 o B4
AREG“ pRofE” ™, 38 87 A T2 LI B I PR A
WEEABHERE TR AR 3
SyES B R R EXT IR SRR A B AL INE AR
ZFZHEH Notl-PFGE 43143 8, I 78 52 2 1
KAEASE S, BARLINE 57K £ 311 ALY
AHELAEF 28 2ok 25 R 5% 720 A PR /K P 5 78 T 3R A
Tz B S

B2k
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Virulence genes and susceptibility to antimicrobial agents and heavy metals
of Vibrio cholerae isolated from aquaculture water farming Litopenaeus
vannamei

TANG Yu-yi'*?, TAN Jian-guo’, MIU Hai-zhen*, PENG Li*, YANG Dan-dan*, PAN Ying-jie'**, CHEN
Lan-ming'-*”*

(1. Laboratory of Quality and Safety Risk Assessment for Aquatic Products on Storage and Preservation , Ministry of Agriculture,
Shanghai 201306, China; 2. Engineering Centrefor Quality Control and Risk Assessment of Aquatic Products, Shanghai
201306, China; 3. College of Food Science & Technology, Shanghai Ocean University ,Shanghai 201306, China; 4. Shanghai

Key Laboratory of Meteorology and Health ,Shanghai 200135, China)

Abstract: The aim of this study was to investigate virulence genes and susceptibility to antimicrobial agents
and heavy metals of Vibrio cholerae strains isolated from aquaculture water farming Litopenaeus vannamei, in
order to provide scientific data support for early warning of food-borne and life-threatening cholera disease
caused by V. cholerae. The genes involved in pathogenicity and integrative conjugative elements (ICEs) were
detected by polymerase chain reaction (PCR). The virulence-related genes were absent in all V. cholerae
isolates, including cixAB, sto, tcpA, ace and zot. However, all the isolates were tested positive for a toxR
gene, 19.05% of which also contained a rtxA gene. Some of the functional genes (int, tral, traC, setR,
aitR) involved in conserved module structures of SXT-R391 family ICEs were detected positive, suggesting no
possible transfer activity of the ICEs detected in the isolates. Antimicrobial susceptibility of V. cholerae strains
were examined by using standard Kirby Bauer disk diffusion method according to the Clinical and Laboratory
Standards Institute (USA,2010 Edition) ,showing distinct susceptibility to ten antimicrobial agents belonging
to six drug classes tested. Total 13.10% and 2.38% of the V. cholerae strains were resistant to ampicillin and
gentamycin, respectively. About 25.00% -1.19% of the isolates also displayed intermediate resistance to
rifampicin, streptomycin, ampicillin, kanamycin and spectinomycin. In addition, a narrow heavy metal
resistance profile was detected in the isolates tested, showing strong resistance to Pb and Zn. By pulsed-field
gel electrophoresis (PFGE) genetyping, these V. cholerae isolates were clustered into five NotI-PFGE types
and thirteen subtypes with 56% - 100% identity. The data in this study constituted the first evidence for
molecular and resistance phenotype characterization of the V. cholerae isolates of aquaculture environmental
origin.
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